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Truman Veterans Administration Hospital and Department of Pharmacology, University of Missouri-Columbia School of Medicine, Columbia, Missouri 65212 One theory of the action of intoxicant-anesthetic drugs is that they disorder membrane lipids and thereby alter the function of membrane proteins. Chemically diverse compounds such as alcohols, ethers, barbiturates, and halogenated hydrocarbons all disorder membrane lipids, produce a similar spectrum of intoxication and anesthesia, and possess potencies which are correlated with their solubility in membrane lipids (1, 2). These observations provide support for the "disordered lipid" hypothesis of anesthesia, but fall short of identifying the consequences of membrane perturbation; i.e., the specific membrane proteins affected by the anesthetics. Identification of membrane proteins that are sensitive to membrane order is an important issue because some investigators suggest that it is unlikely that the changes in membrane order produced by the anesthetics are of sufficient magnitude to alter membrane function (3). Ion channels represent transmembrane proteins that may be sensitive to the physical properties of their surrounding lipids and have been suggested as a site of action for anesthetic drugs (4). There is electrophysiological evidence that n-alkanols decrease neuronal sodium conductance and barbiturates decrease calcium conductance (5, 6), but these studies did not compare different anesthetics and do not provide a correlation of membrane perturbation with changes in channel function. My approach to this problem was to select chemically diverse compounds and to compare their effects on sodium, calcium, and potassium transport and on membrane order.
MATERIALS AND METHODS
Synaptosomes were isolated from mouse (male DBA/2) brain by Ficoll gradient centrifugation (7). Uptake of 24Na was determined by the method of Krueger and Blaustein (8) using 0.09 mM veratridine (Sigma Chemical Co., St. Louis, MO) and a 2 s uptake. The use of a short time and low concentration of sodium (5 mM) essentially eliminates sodium efflux and changes in membrane potential and allows accurate measurement of influx through voltage-sensitive channels (8). Uptake of 45Ca was measured by the procedure of Nachshen and Blaustein (9) using a 3 s uptake, 68 mM KCI as the depolarizing stimulus and 0.02 mM calcium, again allowing unidirectional influx through the voltage-dependent channel. Calcium-dependent efflux of 86Rb was studied in resealed human erythrocytes using an efflux period of 60 min (10). Fluorescence polarization of diphenylhexatriene (DPH) was determined using mouse brain synaptic plasma membranes (SPM) as described previously (11, 12) . Experiments were performed at 300C. Drugs were added to the membrane solutions 5 min prior to assay, except for cis-vaccenic acid methyl ester (cis-VAME, Sigma Chemical Co., St. Louis, MO), which was incorporated into the membranes for 30 min at 0°C and the unincorporated fraction was removed by washing (13, 14) .
RESULTS AND DISCUSSION
The seven drugs selected for study all decreased the fluorescence polarization of DPH without altering the fluorescence lifetime, indicating that they increased the mobility of the probe in the membrane lipids (1 1, 12, 15 ). Although all of the drugs decreased fluorescence polarization, their potency in producing this effect varied over a 2,000-fold range (Table I) . These results confirm and extend earlier demonstrations of the perturbation of the
